A 75-year-old man with a history of dementia living in a nursing home presented with septic shock with no definite source of infection and acute respiratory failure. He was on a moderate dose of norepinephrine and ventilator support for three days without improvement. His physical examination revealed abdominal distention with decreased bowel sounds. Do we need an abdominal CT scan in this patient?
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DisCussion
Imaging studies in critically ill patients in intensive care units help guide treatment. The most widely used radiographic studies that are non-invasive and associated with small or no radiation exposure available at the bedside in the ICU include chest radiography, plain abdominal radiography, and ultrasonography. Plain abdominal films are usually the first imaging studies ordered, are universally available, and are inexpensive 1, 2 . However, plain abdominal imaging is rarely helpful in diagnosis and has a low sensitivity and specificity in patients with an acute abdomen 3, 4 . Moreover, information obtained by plain abdominal radiography and abdominal ultrasonography in the ICU may be limited by bowel gas, wounds, catheters, tissue defects, and edema 5 . Abdominal imaging with multidetector computed tomography (MDCT) has become the most accurate method to study the abdomen [6] [7] [8] . It can be done quickly, and some hospitals have portable CT scans in the ICU. However, the use of abdominal CTs might be limited by the risks associated with patient transfer to the CT scan suite, the high cost, limited availability, and the increased workload of hospital personnel. Moreover, two-thirds of the radiation received by patients who stay in trauma ICUs longer than 30 days is from CT scans, and radiocontrast may cause nephrotoxicity and/or severe allergic reactions 9 . Hence, physicians need to evaluate the risks and benefits before transferring a patient to a CT scan suite. This decision may be difficult in intubated patients and/or patients with polytrauma or hemodynamic compromise, especially in patients with subtle abdominal symptoms, minimal physical findings, or uncertain sites of infection.
There are no randomized controlled trials to delineate how soon, how often, and how helpful CT scans of the abdomen are in clinical decision making in the ICU. Patients with intestinal ischemia can have various clinical presentations which make the diagnosis difficult. We have reviewed recent studies on the role of CT scans of the abdomen in critically ill medical patients with mesenteric ischemia to develop some suggestions for the use of these studies in the ICU.
Acute mesenteric ischemia (AMI) is a life threatening abdominal emergency with mortality rates ranging from 60 to 80% [10] [11] [12] . Mesenteric ischemia is caused by decreased blood flow to the intestine that results in hypoxic injury and then reperfusion damage at the cellular level. These events produce mucosal injury, tissue necrosis, and metabolic acidosis; released toxic metabolites and bacterial translocation contribute to the systemic inflammatory response syndrome and sepsis 13 . The pathophysiology of mesenteric ischemia can be classified into arterial or venous etiology and into acute or chronic presentations 14 . An arterial disorder is the more common cause of mesenteric ischemia and has three main mechanisms, including arterial embolism, arterial thrombosis, and non-occlusive hypoperfusion 15 .
The clinical presentation of mesenteric ischemia is non-specific in most cases and can range from minimal clinical findings to severe abdominal pain with metabolic acidosis and shock. Physical examination in mild disease is relatively normal. Increasing abdominal distention, ileus, frank peritonitis, and shock often signify advanced ischemia. Occult blood is detected in up to 50% of patients; melena and hematochezia occurs in 15% of cases 16 . However, patients with critical illnesses with advanced intestinal ischemia or necrosis may present with only decreased levels of consciousness, electrolyte abnormalities, and shock. These presentations can make it extremely difficult to establish the diagnosis of mesenteric ischemia.
In critically ill patients abdominal evaluation is needed to determine if the patient has a surgical abdomen and to follow up known intra-abdominal pathology, such as masses, fluid collections, inflammation, and infection. A prospective observational study in a medical-surgical ICU using MDCT in critically ill patients in Finland found that when certain clinical indications are present, 85% of the MDCT examinations significantly contributed to clinical decision making or suggested new treatment 8 . Since acute mesenteric ischemia can progress rapidly to a fatal disease, prompt diagnosis and treatment are essential to allow effective intervention. A high index of suspicion is the sine qua non for early diagnosis 10, 17 .
The laboratory tests in AMI are not sufficient to make a diagnosis. Laboratory results often show leukocytosis, hemoconcentration, metabolic acidosis with a high anion gap, high lactate dehydrogenase, and elevated transaminases. Hyperkalemia and hypophosphatemia may develop in late presentations 18 . One small study suggested that serum lactate can help make the diagnosis of AMI. This study found that increased plasma lactate level had a sensitivity of 96% for recognizing acute mesenteric ischemia in patients with abdominal complaints 19 .
Imaging studies have an important role in the diagnosis of AMI. The information from plain abdominal radiography is generally normal or nonspecific and should not be used to rule out AMI. In late presentations plain films might demonstrate portal venous gas, thumbprinting, or pneumatosis intestinalis 20, 21 . Barium enema studies have no role for diagnostic AMI and increase complications 21 . Multidetector CT is a valuable tool for evaluation of mesenteric ischemia since it provides good resolution images of the small bowel and mesenteric vessels 22 .These studies require the rapid injection of contrast with arterial and venous phase images to identify arterial emboli, arterial thrombosis, and venous thrombosis. In addition, the bowel wall should take up contrast, and changes in this pattern helps identify edema, air, and necrosis. The bowel wall is often thin with decreased enhancement during the initial ischemic phase and thicker with edema and intramural hemorrhage during reperfusion, if it occurs. During reperfusion contrast stratification may occur with a hyperenhanced inner layer 23 . The presence of pneumatosis intestinal and/or portomesenteric venous gas in patients with clinical presentations consistent with mesenteric ischemia strongly suggests the presence of bowel infarction 24 . Other radiographic findings include intestinal dilation, mesenteric or perienteric fat stranding, pneumoperitoneum, solid organ infarction, and alternative unanticipated diagnoses [25] [26] [27] [28] . The sensitivity of MDCT ranges from 96 to 100% and specificity ranges from 89 to 94%. Mesenteric angiography had been considered to be the investigation of choice in patients who have no immediate indication for emergency laparotomy and can differentiate between thrombotic or embolic causes 10 .
Once the diagnosis of AMI is established, treatment should be initiated immediately and should include fluid resuscitation, parenteral board spectrum antibiotics, analgesics, and surgical consultation. Definitive treatment of AMI depends on the etiology. For acute arterial embolism, options include surgical embolectomy, intra-arterial thrombolysis, and papaverine infusion. For acute arterial thrombosis papaverine infusion and surgical reconstruction are the primary approaches to treatment 28 . In non-occlusive mesenteric ischemia, medical management, including papaverine, can help stabilize the patient 29 . However, a patient with an infarcted bowel needs immediate surgery regardless of the underlying pathophysiology. The diagnosis and treatment algorithm are shown in Figure 1 . Sepsis and multiple organ dysfunction syndromes occur in many patients with AMI, and the perioperative risk for mortality for revascularization ranges between 44% to 90% 30, 31 .
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Case ConClusion
Our patient had an abdominal MDCT scan with IV contrast that revealed pneumatosis intestinalis in the jejunum and superior mesenteric artery occlusion. The antibiotics were modified to improve coverage, and he underwent an exploratory laparotomy with small bowel resection and mesenteric artery embolectomy. In this case the MDCT scan led to the correct diagnosis and appropriate surgical management.
Key points
1. Patients with acute mesenteric ischemia need prompt diagnosis and treatment to decrease morbidity and mortality.
2. A high index of clinical suspicion is essential to make this diagnosis.
3. Laboratory results are non-specific and cannot make the diagnosis of AMI. 4 . A high serum lactate should increase the clinical suspicion for AMI, but normal levels do not exclude this diagnosis.
5. MDCT is the best available noninvasive diagnostic test, is relatively safe, and has a high sensitivity and specificity.
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